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g) Flame retardarrt electrical cable. 

€f) Disclosed is a flame retardant electrical cable (20, 22. 24) 
able to meet or exceed the flame spread requirements of 
Underwnters Laboratories Tunnel Flame Test UL 910 while 
minimizing or eliminating, halogen, particularly fluorine content 
from the cable by utilizing, a first non-fluorocarbon polymer and 
compositions based thereupon for use in making one of the 
conductor insulation (4) or the protective jacket (6) of the cable 
and a second non-fluorocarbon polymer or fiuorocarbon po y- 
mer which may be the same as or different from the first poly- 
fa mer and compositions based thereupon for use in making the 
rff other of the conductor insulation or the jacket of the cable 
^ where the first and second polymers and compositions based 
q thereupon have a composite Steiner Index of: 

(mass of fi^D0jvmcTMS : l- of f irst polymer) 



where: S.l. is less than about 3500; mass is the respective 
number of pounds of the respective polymers includ- 
ed in the cable subjected to the UL 910 Test; 

and Steiner Index (S.l.) is (A) (B| (C) dO.I.) 

wherein: 

(A) is the repective specific heat of the first and second 
polymers in Btu/lb; 

(B) is the respective specific gravity of the first and sec- 
ond polymers; 

(C) is the respective percent by molecular weight of non 
halogenated elements of the first and second polymers to the 
respective total molecular weight thereof expressed in decimal 
form; and 

O L is the respective Limiting Oxygen Index of the first 
and second polymers under ASTM D2863 expressed in deci 
mal form . 
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S.l. (composite); 
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FLAME RETARD ANT ELECTRICAL CABLE 



INTRODUCTION 

This invention relates generally to a flame 
retardcnil electrical cable and more particularly to a 
5 flame retardant electrical cable that is able to meet or 
exceed the flame spread requirements of Underwriters 
Laboratories Tunnel Flame Test UL 910 by utilizing one 
or more melt processible polymeric materials having less 
fluorocarbon content than heretofore been associated 
10 with such cables in the past. 



BACKGROUND OF THE INVENTION 

It has been the practice in the past in certain 
instances to use environmental air ducts and plenums to 
provide a passageway for electrical cables. The flame 

15 retardant characteristics of electrical cables conveyed 
through such ducts and plenums is necessarily extremely 
critical particularly with respect to flame propagation 
when exposed to a flame. 

One test for evaluating flame propagation of 

20 electrical cables for use in ducts and plenums (commonly 
called "plenum cables") is Underwriters Laboratories 
Inc., Tunnel Flame Test designated UL 910. The UL 910 
Test (also known as the "Steiner" Test) is used as a 



publication titled "Test Method tor Fire and Smoke 
Characteristics of Cables", copyright 2981, 1982, the 
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10 



15 



20 



25 



generally involves laying 24 ft. lengths of the cable to 
be tested adjacent each other on supporting racks within 
a prescribed test chamber and, after following a 
prescribed calibration procedure, exposing one end of 
the cables to an approximate 300,000 BTu methane flame 
for a prescribed period of time while measuring flame 
propagation and smoke generation in terras of specific 
optical density in accordance with the test procedures. 
Underwriters Laboratories has established that 
electrical cables suitable for use in ducts and plenums 
must exhibit a smoke generation characteristic in terms 
of peak optical density of 0.5 or less and a maximum 
flame spread of 5 feet or less. 

The electrical cable of the present invention 
is able to meet or exceed the flame spread requirements 
of the CL 910 Test without having to incorporate the 
amount of fluorocarbon polymers heretofore thought 
necessary in the past and, although certain embodiments 
may not meet the smoke generation requirements of the UL 
910 Test, enable their use in many applications in which 
the prevention of flame propagation is the most 
important criterion. 

Up until the time of the present invention, 
plenum cable has exclusively utilized fluorocarbon 
polymeric material such as fluorinated ethylene 
propylene as a means of providing conductor insulation 
and jacketing able to meet or exceed the requirements of 
the UL 910 Test. Such fluorocarbon materials, however, 
are expensive, and contain substantial amounts of 



'' r;,JI ' ,i lasG':. 't'ou ouc;. carueii additionally utilise 
polymers that contain other halogens such as chlorine in 
combination with fluorocarbon polymers which in a 
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burning environment and particularly in combination with 
fluorine are also apt to release a complex series of 
potentially toxic or corrosive gases. 

In view of the above, a need exists for an 
5 electrical cable that is able to meet or exceed the 
flame spread requirements of the UL 910 Test which 
utilize one or more polymers having a minimum amount of 
fluorine and other haloqens. 

SUMMARY OF THE INVENTION 

10 Accordingly, it is an object of the present 

invention to provide a flexible flame retardant 

electrical cable. 

It is another object of the present invention 

to provide an inexpensive flame retardant electrical 
15 cable that is made from one or more melt processible 

polymeric materials that reduce the amount of 

potentially toxic and/or corrosive gases generated when 

exposed to a burning environment. 

It is also another object of the present 
20 invention to provide an inexpensive, flexible flame 

retardant electrical cable that is able to meet or 

exceed the flame spread requirements of Underwriters 

Laboratories Tunnel Flame Test UL 910. 

D ESCRIPTION OF THE PREFERRED EMBODIMENT 
25 FIGURES 1-3 show various embodiments of the 

electrical cable of the invention. FIGURE 1 shows an 
embodiment- of the electrical cable of the invention in 



electrical insulation ^is^oseo ^ 
thereabout. Insulated conductor 2 is disposed within 

protective iacket 6. 
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Cable 22 of FIGURE 2 illustrates that more than 
one insulated conductor 2 may be included within jacket 
6, such as twisted insulated conductors 2 which are 
twisted into pairs so as to reduce static interference as 
is well known to those ordinarily skilled in the art of 
electrical cable design. 

Cable 24 of FIGURE 3 illustrates that one or more 
of insulated conductors 2 may be twisted together with a 
metallic drain wire 8 with the combination enclosed by a 
static tape shield 10. Such shields commonly comprise a 
laminate of aluminum or copper and a polymeric film such 
as sold by E.l.DuPont De Nemours under the tradename 
Mylar. The use of such drain wires and static shields in 
reducing static interference is also well known to those 
skilled in the art of cable design. Alternatively, the 
cable of the invention may use a single static shield 
with or without drain wires about some or all of the 
insulated conductors 2 disposed within protective jacket 
6 or may use an all over shield in conjunction with or 
without individual static shields with or without drain 
wires about one or more of insulated conductors 2 
disposed within protective jacket 6. 

FIGURE 3 also shows that a barrier such as flame 
barrier 12 may be included about some or all of the 
insulated conductors 2 within jacket 6. The use of flame 
barriers in electrical cables as a means of delaying the 
penetration of flame and heat into the insulated 
conductors is also well known to those ordinarily skilled 
in the art of making flame retardant electrical cables 



::>erqi3ss r,- •.♦ ru- suitable -udlenai : in some cases, 
the flame barrier may have at least a portion thereof 
made from a fluorocarbon such as where a fiberglass 



0122110 



- 5 - 

substrate is coated with fluorinated ethylene propylene. 
Although the electrical cable of the invention includes 
the use of flame or other type barriers in the 
construction, the amount of f lurorocarbon present, if 
5 any, is advantageously required to be below a prescribed 
minimum of about 35% by molecular weight of fluorine to 
the total molecular weight of the polymer as a means of 
keeping fluorine content to a minimum as previously 
described . 

10 Conductor 2 may be a solid or stranded metallic 

conductor such as copper or other suitable electrically 
conductive material and may be of a composite 
construction having two or more layers such as where the 
outside surface of a copper conductor is coated with a 

15 layer of tin to enhance soldering and other 

characteristics. Conductor 2 may be of any suitable 
diameter. Commonly conductor 2 is from about 8 AWG to 
about 32 AWG in size. 

Thus, the electrical cable of the invention may 

20 be any electrical cable construction from a single 

insulated conductor disposed within a protective jacket 
to more complex forms featuring two or more insulative 
conductors within a protective jacket which may include 
static shields, drain wires, fire barriers, fillers and 

25 other components provided the insulation and jacket are 
made from materials as hereinafter described and the term 
"comprising at least one electrical conductor having a 
layer of electrical insulation disposed thereabout within 
a protective jacket" includes all of such electrical 

30 cables. 

s < • » ; * •; t < • - ; -n;- i n-u \ y * v.- • ■)<?: ■ - .uco.: nr.oun; 

halogens, particularly fluorine, than has heretofore been 
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known in electrical cables able to meet or exceed the 
flame spread requirements of the UL 910 Tunnel Flame 
Test. Although the radial thickness of insulation 2 and 
jacket 6 may vary, insulation 2 is commonly from about 5 
mils to about 20 mils and the radial thickness of jacket 
6 is commonly from about 15 mils to about .125 mils 
depending upon the size and voltage characteristics 
desired for the particular cable. 

Understandably, the burning tendency of an 
electrical cable has been found to increase as the amount 
of non-halogenated polymeric materials used in the cable 
materials used in the cable increases in proportion to 
halogenated polymeric components and thus not only the 
amount and nature of halogens present but also the mass 
ratio of halogenated and non-halogenated polymeric 
materials present in the cable have a bearing upon the 
ability of the cable to meet or exceed the flame spread 
requirements of the UL 910 Tunnel Flame Test. 

It has been- surprisingly discovered that the 
parameters necessary to design an electrical cable able 
to meet or exceed the flame spread requirements of the UL 
910 Test that enables minimization of the use of halogens 
and particularly fluorine can be addressed by use of the 
following formula: 

(mass of first polymer ) (S.I, of first polymer) 
(total mass of first and second polymers) 

+ 



= S.I. (composite) ; 
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where S.I. (composite) is less than about 3500 and mass 
is the respective number of pounds of the first and 
second polymers included in the cable subjected to the 
UL 910 Test. 

5 In the above equation, the term "first polymer" 

means a singular or blend of two or more melt 
processible, non-f luorocarbon , base polymers, and 
compositions based upon such base polymers. The term 
"polymer" refers to the base polymer or base polymers 

10 which may be incorporated into a composition including 
fillers, colorants, flame retardant additives, 
processing aids, crosslinking agent or other additives 
provided such do not interfere with the physical and 
electrical characteristics and processibili ty 

15 characteristics desired. 

The term "second polymer" means a singular or 
blend of two or more melt processible, f luorocarbon or 
non-f luorocarbon, base polymers, and compositions based 
upon such base polymers. Like the first polymer, the 

20 second polymer refers to the base polymer or base 
polymers which may also be incorporated into a 
composition such as described above with respect to the 
first polymer. The first and second polymers may be the 
same or different and, if one is used to make the 

25 conductor insulation, the other is used to make the 
jacket or vice versa. 

The term "S.I." is defined as the Steiner Index 
for the purpose of this invention. S.I. is determined 
by the following formula: 
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wherein: 

( A ) is the respective specific heat of the first 

and second polymers in Btu/lb; 

t B ) is the respective specific gravity of the first 

5 and second polymers? 

( c ) is the respective percent by molecular weight 

of non-halogenated elements of the first and 
second polymers to the respective total 
molecular weight thereof expressed in decimal 
10 form; and 

O.I. is the respective Limiting Oxygen Index of the 

first and second polymers under ASTM D2863 
expressed in decimal form. 

It can thus be seen that the above formulae 
15 provide a useful and novel means of selecting polymers 
by utilizing their known properties of specific heat, 
density, Oxygen Index and percent of non-halogenated 
elements in conjunction with their respective mass to 
provide an electrical cable able to meet or exceed the 
20 flame spread requirements of the UL 910 while enabling 
the minimization of the halogen, particularly fluorine, 
content of the polymers. 

Application of the Steiner Index to various 
fluorocarbon polymers commonly used in electrical cables 

2 r i h 1 ^ f r> rriOP 1 * ■ v ' ■ - - 1 *■ v 

- d l i: . : i a ; . soulii • : >0 (, in 'Mae? ? or r ne caoJ ^ t>. 
exhibit a flame spread of five feet or less. 
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Examples of fluorocarbon polymers commonly used 
singularly or in combination in the past for the 
conductor insulation and jacket of electrical cables 
able to meet or exceed other flame spread requirements 
of the UL 910 Test are shown in following Table I: 

TABLE I 



Polymer 



Typical 
Specific 
Heat 
(Btu/lb) 



Typical 

Specific 

Gravity 



Non-Halogen 
elements 
(M,W. %) 



Typical 

Limiting 

Oxygen 

Index 

(ASTM D 

2683-%) 



Steiner 

Index 

(S.I,) 



Tef zel 
Halar 
FEP 
Kynar* 



6700 
7607 
3300 
6400 



1.7 
1.68 
2.15 
1.75 



41 
37 
24 
40 



30 
60 
95 
44 



3268 
1884 
85 
2508 



In above Table I, Tef zel is an ethylene- 
tetraf luoro-ethylene polymer sold by E.I.Dupont De 
Nemours. Halar is an ethylene-chloro-tr if luoroethylene 
polymer sold by Allied Corporation. FEP is a 

10 f luoro-ethylene-propylene polymer sold by E.I.Dupont De 
Nemours. Kynar is a vinylidene fluoride polymer sold by 
Pennwalt Corporation. 

Upon calculation and examination of the Steiner 
Index of the above described polymers, it was discovered 

15 that for FEP , which is known to exhibit the least flame 



"Omar 



J j t Q i n tt? - 



.id!., i < > : , ^ I 7. e x , **»' . ) i c : : : . nown :. ■ me° i : ror t a l r \ 
constructions but exhibits the highest flame spread 
^0 characteristic under the requirements of the UL 910 Test 
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10 



when used for both the conductor insulation and jacket, 
the index was 3268. Clearly the discovery of the 
Steiner Index provides a means of applying the above 
formula to other melt processible polymers and 
compositions as a means of minimizing halogen, 
particularly fluorine, content, 

A radiation crosslinkable , non-halogenated , 
composition which has been found to meet or exceed the 
flame spread requirements of the UL 910 Test when used 
to make the jacket of an electrical cable in which the 
conductor insulation is made from Halar is shown in 
following Table II: 



TABLE II 



Parts by Weight per 



Component 


100 Part 


Vamac N-123 


100 


932-CM 


250 


Vynathene 902-35 


20 


Stearic acid 


1 


Santowhite 


3 


Paraffin Wax 


2 


HVA-2 


1 


PTMEG (2000 MW) 


3 



In above Table II, Vamac N-123 is a melt 
processible ethylene-methyl acrylate copolymer 
15 elastomeric sold by E.I.DuPont De Nemours. 932-CM is a 



w.occ^SiuiL- etnyjene-vi ny !<:etate ■ ■■opoiymei suii: 
under the "Vynathene" Trademark by USI. Stearic acid 
20 and paraffin wax are processing aids available from 
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numerous chemical supply houses, Santowhite is a 
hindered phenolic antioxidant sold under the "Santowhite" 
trademark by Monsanto Company. PTMEG is a 2000 molecular 
weight poly (tetramethylene-ether ) glycol sold by Upjohn 

5 Company. HVA-2 is a N f N^-m-phenylene-dinialeimide 
radiation sensitizing agent sold under the HVA-2 
trademark by E.I.Dupont De Nemours. 

The above composition was milled at about 200°F 
and, after compression molding into approximately .060 

0 inch slabs at about 300°F under about 300 psi pressure 
and irradiation crosslinked by about 5 to about 8 
megarads of high energy electrons exhibited the 
properties shown in following Table III: 

TABLE III 



Property Test M ethod Typical Value 

Density (lb/Ft 3 ) ASTM D 792 1.68 

Hardness, Shore A (10 Sec) ASTM D 2240 81 

Tensile Strength (psi) ASTM D 638 900 

Ultimate Elongation (%) ASTM D 638 145 

Limiting Oxygen Index (%) ASTM 2863 56.0 

Brittle Temperature (°c) ASTM D 746 -10 

Specific Heat (BTu/lb) 4448 

Non-Halogen Content (%) 100 



Application to the Steiner Index formula of the 
15 specific heat, density, % non-halogen content and 
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under the UL 910 Test. It is to be noted that the above 
described composition contains two melt processible base 
polymers i.e. Varaac N-123 and Vynathene 902-35 and that 
neither contain halogen resulting in the non-halogen of 
5 the combination being 100%. 

In addition to selecting polymers in view of 
their respective specific heat, density, percent of 
ncn-halogenated elements, and Limiting Oxygen Index to 
provide a Steiner Index of less than about 3500, 

10 attention must also be paid to determine other 

properties such as processibility , physical and wet and 
dry electricals to be sure that they are suitable for 
the application intended for the cable. 

It is to be understood that the percent 

15 non-halogen content by molecular weight to the total 

molecular weight of the polymer is one of the factors to 
be used in the Steiner Index formula and relates to the 
total formulation and that, if used in a composition 
containing one or more halogenated flame retardants, the 

20 halogen content of such flame retardants is included in 
the computation. 

It is also to be understood that polymers used 
in making the electrical cable of the invention may be 
solid or may be expanded to provide a cellular material, 

25 such as by use of suitable blowing agents and that 
expanding can effectively reduce the density of the 
polymer which in turn will lower the Steiner Index. 

The invention thus provides for an electrical 
cable able to meet or exceed the flame spread 



; < _ i . . . ! n ; h;.;c\\ ^oiymer ^ , respective:. * 'v rht- fonnuc?. 
insulation or the sheath or vice versa, which may be the 
same or different but one of which is not a fluorocarbon 
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polymer and the other of which is a fluorocarbon or 
non-fluorocarbon polymer and, where a fluorocarbon 
polymer, may be a Tefzel, Kynar, FEP or Halar polymer or 
blends thereof as previously described provided that the 
Steiner Index calculated accordingly to the formula 
provided herein is less than about 3500. 

In the event that the combination of polymers 
derived under the formulae provided herein has an 
average Steiner Index of less than about 3500 but is 
unable to meet or exceed the smoke generation 
requirements of the UL 910 Test, means well known to 
those ordinarily skilled in the art of flame retardant 
cables, such as filler selection, may be undertaken to 
reduce the amount of smoke generated so that the cable 
is able to meet both the flame spread and smoke 
generation requirements of the UL 910 Test. 

In addition to the above, although flame or 
other type barriers may be used in the electrical cable 
of the invention, as previously described such barriers 
are not to incorporate a polymer having more than about 
35% by molecular weight of fluorine to the total 
molecular weight of the polymer since such would enable 
the incorporation of high fluorine content materials 
such as Tefzel, Kynar, FEP and Halar to be disposed 
intermediate the conductor insulation and the sheath and 
increase the potentially toxic and corrosive gases that 
may be liberated upon subjecting the cable to burning 
condition. 
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WHAT IS CLAIMED IS: 

1. A flame retardant electrical cable (20 , 22, 
24) comprising at least one elongate electrical 
conductor (2) having a layer of electrical insulation 
(4) disposed thereabout within a protective jacket (6) 
5 that is able to meet or exeed the flame spread 

requirements of Underwriters Laboratories Tunnel Flame 
Test DL 910 as a result of at least one of said 
conductor insulation or sheath being made from a first 
melt processible, non-f luorocarbon r polymer and the 

10 other of said conductor insulation or sheath being made 
from a second melt processible, fluorocarbon or 
non-f luorocarbon, polymer which may be the same or 
different from the first polymer, said cable satisfying 
the condition that the composite Steiner Index of the 

15 first and second polymers is less than about 3500 
according to the formula: 

(mass of first polymer ) (S, I. of first polymer) 
(total mass of first and second polymers) 

+ 

(mass of second polymer W S . I . of second polymer) 
20 (total mass of first and second polymers) 
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25 wherein: 



30 



mass is the respective number of pounds of the first 
and second polymers included in the cable 
subjected to the UL 910 Flame Test; 

(A) is the respective specific heat of the first 

and second polymers in Btu/lb* 



(B) is the respective specific gravity of the first 
and second polymers; 

(C) is the respective percent by molecular weight 
of non-halogenated elements of the first and 
second polymers to the respective total 
molecular weight thereof expressed in decimal 
form; and 



is the respective Limiting Oxygen Index of the 
first and second polymers under ASTM D2863 
expressed in decimal form; 



and said cable devoid of any component disposed as a 
barrier intermediate the conductor insulation and the 
jacket having at least a portion thereof made from a 
polymer having more than about 35% by molecular weight 
of fluorine to the total molecular weight of the polymer. 

2. The cable of claim 1 wherein at least one 



